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    Assessment of Probiotic Consortium on Hepatic and Lipid Profile Modulation in     
                                     Salmonella  typhimurium Challenged Mice
1.0.  INTRODUCTION
 Salmonella(S)  genus are flagellated, Gram-negative, facultative anaerobes and motile rods .  Nearly, 99% of the Salmonella strains are responsible for infection in humans or other mammals and a great concern for human health (Kurtz et al., 2017). Direct interaction through consumption of contamination of food, water  or with infected animals  and their products results in human infection.  S. enteritidis and S. typhimurium are the primary serovars responsible for human salmonellosis within the group of  Salmonella spp.( Lamichhane et al., 2024, Mazkour et al.,2020). Salmonella enterica Typhimurium infection alter host metabolism and leads to hepatic injury. In mice and rats, Salmonella induces inflammatory response and oxidative stress in the liver, increasing  serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) Mazkour et al.,2020).  According to a report from Centers for Disease Control and Prevention (CDC) that yearly 200 million to 1 billion occurence of Salmonella infections are reported worldwide, including 93 million instances of gastroenteritis and 155,000 mortality; among these, about  85% of the cases are related with the consumption of infected food (Chlebicz and Śliżewska, 2018).

Recent  evidence revealed that multi-strain probiotic consortia can alleviate Salmonella-triggered hepatic injury and lipid profile dysregulation in mice (Trinder et al., 2015, Astolfi et al., 2019, Kwoji et al., 2021). Multi-strain probiotics consortia, which might include many strains of the same or different kinds of species, have been discovered to offer enhanced benefits, such as improved  inhibition of entero-pathogens and minimised absorption of harmful chemicals, hence, prompting their application in biotechnology, detoxification therapy, and as dietary supplements (Kinoshita,2019,  Astolfi et al., 2019, Daisley et al.,2019). Lactobacillus and Bacillus species administered prior to or alongside infection consistently reduce ALT/AST elevations, diminish oxidative stress, and restore serum lipid balance(Kwoji et al.,2021).
The dynamics of probiotics’ actions is the different ways by which they apply their beneficial effects on the host, including Stimulation of bowel microbiota and digestive enzymes, immune modulation, displacement of possible pathogens, and secretion of bioactive compounds(Yadav,  and Shukla, 2017, 12.	 Bajaj et al., 2020,  Bogucka et el.,2021). Probiotics are live bacteria that facilitates numerous health therapeutic effect beyond the digestive system, enhancing the urogenital and nervous systems as well (Huang and Hu,2017). Many research study supports their benefits in maintaining gut health (Foligné et al., 2016), preventing pathogens and biofilms (Algburi et al., 2020), improving human health through fermented foods channels(Parker et al.,2018), and influencing animal development and productivity(Kwoji et al., 2021).
Lactic acid bacteria (LAB) are different group known for generating lactic acid, mainly including genera like Lactococcus, Streptococcus, Enterococcus, Leuconostoc, and Lactobacillus. However  Bifidobacteria primarily produce acetic acid, they are frequently classified with LAB based on their related properties and uses. LAB are usually benign , Gram-positive, and utilised in manufacture of fermented dairy products, being referred to as safe for consumption (Kalaivanan et al., 2021). Lactobacilli improve health by regulating the intestinal obstruction and relating with hosts and pathogens to safeguard enteric infections and inflammatory diseases. (Liu et al., 2017, 2018a,c; Wang et al., 2019a; Deng et al., 2020a,b).
In this present study, the objective was to assess the effect of  commercial mixed potential probiotic strains (Lactococcus acidophilus, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus rhamnosus, Bifidobacterium breve and Bifidobacterium longum) on liver and lipid profile function indices of Salmonella typhimurium induced mice and the protective roles of probiotics consortium  against the effect of pathogenic Salmonella typhimurium.

2.0. MATERIALS AND METHODS 
Sampling: 30 Eggs and meat were aseptically collected from Oke-baale market, Osogbo Osun State. 30 poultry stool samples were also aseptically collected from poultry farms from Oke-baale market, Osogbo Osun State. The collected samples were labelled, collected in zip lock and directed to the laboratory for bacteriological examination. 
Isolation and Identification of Salmonella: Each faecal sample as serially diluted to obtain 102, 103, 104, 105 dilutions (Public health England, 2019) and about 25 grams of aseptically triturated meat and eggs samples were pre-enriched in 250 ml of buffered peptone water (PBW) as described by Cruickshank et al. (1975). After incubation at 37oC for 18- 24 hours, about 0.1ml of the pre-enriched culture was inoculated into 10ml of Rappaport-Vassiliadis broth and incubated at 37°c for 18- 24 hours (Bawa et al., 2020). Thereafter, a loop full of each broth was streaked on Salmonella-Shigella Agar (SSA) and Xylose Lysine Desoxycholate agar (XLD agar) and incubated for 24 hours at 37oC. Colonies of typical growth were picked up and confirmed morphologically according to Quinn et al. (1994) and biochemically by applied scheme of Oliveira et al. (2003) such as catalase, oxidase, H2S production on TSI agar, fermentation tests, Indole, motility test, Methyl Red and urease tests.
Molecular identification of Salmonella typhimurium
Isolation of DNA: About 50 – 100 mg (wet weight) bacterial cells isolates that have been resuspended in up to 200 µl of water or isotonic buffer (e.g., PBS) was added to a ZR BashingBead™ Lysis Tube. 750 µl BashingBead™ Buffer was added to the 2nd tube and processed in a bead beater at maximum speed for ≥ 5 minutes. The bacterial isolates inside the ZR BashingBead™ Lysis Tube was centrifuged in a microcentrifuge at 10,000 x g for 1 minute. About 400 µl of the supernatant was transferred to a Zymo-Spin™ III-F Filter and centrifuged at 8,000 x g for 1 minute. About 1,200 µl of Genomic Lysis Buffer was added to the filtrate. 800 µl of the mixture was transferred to a Zymo-Spin™ IICR and centrifuged at 10,000 x g for 1 minute. About 200 µl of DNA Pre-Wash Buffer was added to the Zymo-Spin™ IICR and centrifuged at 10,000 x g for 1 minute. Also, 500 µl g-DNA Wash Buffer was added to the Zymo-Spin™ IICR and centrifuged at 10,000 x g for 1 minute. The DNA was stored at −20 ◦C until use in PCR assays.
Quantification of nucleic acid (DNA) extracted.
Nucleic acid quantification was prepared in NanoDrop One Spectrophotometer (Thermo Scientific Inc.). The instrument was calibrated with blank buffer (e.g. TE buffer). The principle behind the nucleic acid measurement with this instrument is Beer-Lambert Law. About 1-2 µl of extracted DNA samples was loaded onto the pedestal and the nucleic acid measurement mode was selected. The concentration of nucleic acid is measured in microgram/micro-liter (µg/µl) and the absorbance is set at A260/230 and A260/28.
Polymerase chain reaction
PCR was done for identification of Salmonella by using two pairs of primers. The primer was used to amplify 100 basepair of S.typhimurium, was arranged as forward 27F 5’-AGAGTTTGATCMTGGCTCAG-3’ and reverse 5’-TACGGYTACCTTGTTACGACTT -3'. 
Gel Electrophoresis Preparation
About 2g for 2% agarose gel was weighed into a graduated beaker. Subsequently, 100ml of 1XTBE Running buffer (45Mm Tris- borate, 1mM EDTA) was added to the agarose-containing flask and mixed thoroughly. The agarose-buffer mixture was melted in a microwave oven in 30 second intervals, with intermittent swirling until complete dissolution was achieved. SafeView (Applied Biosystem Inc.) gel stain solution was added to the boiled gel and Allow the agarose to cool either on the bench-top. Failure to do so will warp the gel tray. The gel tray was then place into the casting apparatus and an appropriate comb was inserted to create wells. The molten agarose was poured into the gel mold and permitted to set at room temperature. The comb was removed and the gel was placed in the gel tray. Alternatively, the gel can also be wrapped in plastic wrap and stored at 4 °C until use.



Setting up of Gel Apparatus and Separation of DNA Fragments
Electrophoresis was performed using a horizontal gel apparatus. Prior to separation, 6X gel loading dye (0.25% bromophenol blue, 0.25% xylene cyanol, 30% glycerol) was added to the extracted DNA samples. The gel apparatus was set up as follows:
a.	The power was programmed to 100V for 1 hour
b.	Running buffer (1XTBE) was added to cover the gel surface
c.	Leads were attached to the power supply, ensuring the cathode (black leads) was closer to the wells than the anode (red leads)
d.	The DNA was slowly and carefully loaded onto the gel. An appropriate DNA size marker (100bp) should always be loaded along with experimental samples.
e.	The gel was removed from the gel tray and exposed the gel to UV-light. This is most commonly done using a gel documentation system. DNA bands should show up as orange fluorescent bands. 
Sequencing
The fragments were sequenced using the Nimagen, Brilliant Dye™ Terminator Cycle Sequencing Kit V3.1, BRD3-100/1000 according to manufacturer instructions. The labelled products were cleaned with the ZR-96 DNA Sequencing Clean-up Kit (Catalogue No. D4053). The cleaned products were injected on the Applied Biosystems ABI 3500XL Genetic Analyser with a 50cm array, using POP7 and sequence data collected. 
Experimental Mice:
Three to four weeks aged female white albino mice were obtained from Ede, Osun State. Mice were housed in cages in the primary animal holding facility of Osun State University, Osogbo. The animals had a two weeks’ acclimatisation prior to the start of the experimental procedures. These mice were randomly placed in plastic cages under appropriate and controlled laboratory conditions (temperature (25±2°C), humidity (60±5%), 12/12 hours daily light/dark cycle and were provided with water and a standard pellet meal. The bedding of mice was changed every three days and the health status of the animals was monitored regularly. 
Experimental Design:
A total of 33 female white albino mice were used in the study. Five mice per cage were randomly congregated into five groups. Group I was challenged with Salmonella typhimurium and 250mg of Probiotics dose, Group II was challenged with Salmonella typhimurium and 500mg of Probiotics dose, Group III was challenged with Salmonella typhimurium and 750mg of Probiotics dose, Group IV was challenged with Salmonella typhimurium (positive control) and Group V served as a negative control and was treated with phosphate-buffered saline (PBS).
Treatment Preparation
The probiotic strains in a liquid coculture assay were selected for an in vivo test using a mouse model. Consequently, in vivo evaluation of the probiotic effect of the mixed potential probiotic strains (Lactococcus acidophilus, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus rhamnosus, Bifidobacterium breve and Bifidobacterium longum) against Salmonella typhimurium was done via oral inoculation of mice following the protocol given in Chen et al. (2012; 2023). The experiment was conducted in duplicates, and the average was used for analysis. Probiotic cultures were separately diluted in 100 ml of Normal saline and was divided into daily portions of combined strains. Prior to the feeding step, Salmonella typhimurium was grown separately overnight at 37°C in 10 ml of tryptic soya broth. Overnight growth of Salmonella typhimurium was serially diluted in 10 ml of sterile 0.1% buffered peptone water to give 4x103CFUml−1. The experiment was divided into 3 stages:  The initial stage (day 1 to 7), the infection stage (day 8) and the final stage (day 9 to 14).
a.	Group I mice received 250mg/kg of probiotics orally for 14 consecutive days. On day 7, mice were challenged with 0.2ml/kg of Salmonella typhimurium inoculum containing 4x103 CFU/mouse 
b.	Group II mice received 500mg/kg of probiotics orally for 14 consecutive days. On day 7, mice were challenged with 0.2ml/kg of Salmonella typhimurium inoculum containing 4x103 CFU/mouse 
c.	Group III mice received 750mg/kg of probiotics orally for 14 consecutive days. On day 7, mice were challenged with 0.2ml/kg of Salmonella typhimurium inoculum containing 4x103 CFU/mouse 
d.	 Positive Control (Group IV):  Day 7, 0.2 ml/kg of Salmonella typhimurium inoculum containing 4x103 CFU/mouse
e.	Negative Control (Group V): 14 consecutive days, 0.2ml/mouse of Normal saline orally
The symptoms and deaths of mice were registered, and all the survived animals were killed by cervical dislocation on the 15th day.
Re-isolation of Salmonella typhimurium from mice faecal samples
The mice faecal for each group were collected in universal bottle. The samples were mixed thoroughly with small quantity of distilled water. Serial dilution was done and 1ml of the serially diluted fecal sample was pipetted onto 9ml sterile peptone water each. After which it were incubated at 370 C for 24 hours. After incubation at 37oC for 18- 24 hours, about 0.1ml of the pre-enriched culture was inoculated into 10ml of Rappaport-Vassiliadis broth and incubated at 37°c for 18- 24 hours (Bawa et al., 2020). Thereafter, a loop full of each broth was streaked on Salmonella- Shigella agar (SSA) and Xylose Lysine Desoxycholate agar (XLD agar) and incubated for 24 hours at 37oC. this process is done to confirm the re-isolation of S. typhimurium from the faecal samples collected from all groups.
Liver and Lipid Function
Liver tissues harvested were weighed and the weight of each sample are recorded. The liver tissue samples are washed thrice and homogenized in PBS buffer to achieve uniformity and to compute liver and lipid function analysis. Blood sample collected via tail vein were filled in serum- separating or plasma- separating tube and centrifuged at 3000 x g for 10 minutes. The analysis was done following the protocol by Laurence and Amal, (2014), David and Michael (2017), Robert, (2018) and Michael and Curtis, (2020). 
Liver Function test: 
Aspartate Transaminase (AST), Alanine Transaminase (ALT), Alkaline Phosphatase (ALP) and Gamma- Glutamyl Transferase (GGT)
 Aspartate Transaminase (AST) was measured using enzymatic assay (e.g. AST activity method) to calculate AST (U/L). Alanine Transaminase (ALT) were assayed using enzymatic assay (e.g. ALT activity method) to calculate ALT (U/L). Alkaline Phosphatase (ALP) was measured using enzymatic assay (e.g. ALP activity method) to calculate ALP (U/L). Gamma- Glutamyl Transferase (GGT) was measured using enzymatic assay (e.g. GGT activity method) to calculate GGT (U/L).
Bilirubin and Albumin
Total and direct bilirubin are measured using colorimetric assay (mg/dL). Albumin concentration are also measured via colorimetric assay (g/dL).
Malondialdehyde Assay (MDA) and Superoxide Dismutase (SOD)
MDA were measured using Thiobarbituric Acid Reactive Substance (TBARS) assay (nmol/mg protein or nmol/mL). SOD are assayed colorimetrically or spectrophotometrically using pyrogallol method (U/mg protein or U/mL).
Lipid Profile: 
Total Cholesterol, Triglycerides, High Density Lipoprotein and Low Density Lipoprotein
Total Cholesterol and Triglycerides concentration were measured using colorimetric method (mg/dL). High and Low Density Lipoprotein were measured using precipitation method and Friedwald equation method (mg/dL).

Statistical Analysis 
Statistical analysis of obtained results was carried out according to the Petrie and Watson model and the experimental unit. The values of p ≤ 0.05 were considered significant. The statistical analysis was performed using SPSS program (version: 22).
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3.0 RESULTS

Samplecollectionandmorphologicalidentification

TensampleswascollectedbutatotalofseventeenisolatewasrecoveredusingSalmonella

shigellaagar.Themorphologicalidentificationareshownintable1,

Biochemicalcharacterisationoftheisolate

Biochemicaltestandgramstainingresultareshownintable2,sugarfermentationtestand

motilitytestresultsareshowninthetable3.AllisolatewerepositivetoMR-VPtest,88.3%

werecatalasepositiveand11.7%werenegative,94.1%werecitratepositiveand5.9%were

negative,88.3%wereoxidasenegativeand11.7%werepositive,64.7%wereindolepositive

and35.3%werenegative.Gramstainingrevealedfourteennegativerodandthreepositive

cocci.Forthemotilitytest94.1%werepositiveand5.9%werenegative.Forthesugar

fermentationtestallisolatewerepositivetolactoseandglucosefermentation,andgaswas

producedinalltheisolate,Butforfructoseandgalactosefermentation100%waspositive

but94.1%producegasand5.9%didnotproducegas.

Molecularidentificationofisolate

Themolecularresultshowsthattwoamongtheisolatedidnotshowexpressionforamplified

geneandthesequencingrevealsthestrainofSalmonellatyphimurium,thisisshowninfigure

1andfigure2.

Characteristicsbehaviourofthemice

IntheintroductionofSalmonellatyphimuriumtothemice,therewastwodeathinthecontrol

group,probablyduetotheenvironmentalfactors,anditwasnoticethatthemicefaecalwas

doubledandtherewasweightloss.


